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(54) THERMOELEMENT MATERIAL AND ITS PRODUCTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a 
thermoelement material at a low cost, made up with 
an orientational sintered compact made of sodium- 
containing cobalt oxide and having nearly the same 
level of thermoelectric characteristics as that of a 
single crystal. 

SOLUTION: This thermoelement material has a 
structure of the formula AxB20y [A is Na, Li t K, Ca, 
Sr, Ba f Bi, Y or La; B is Mn, Fe, Co, Ni or Cu; 1 D(x)D2; 
2D(y)04]. A NaCo204-based thermoelement material 
is produced by mixing tabular particles of cobalt 
hydroxide or cobalt oxide with sodium metal salt, by 
molding the mixture so that particles of cobalt 
hydroxide or cobalt oxide are oriented in one 
direction, and by burning the molded product to 
compact it and to form an orientational compact 
wherein C~axis directions are oriented in one 
direction. 
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(57) [KM] 

AxB 2 Oy (A : N a s L i x K s C 
a, Sr x B a , B i, Y. La, B : Mn , Fe x C 
o, Ni, Cu N l£x^2, 2^y^4) ffl«jSSr*T 

^pi-N a c o 2 04 xuMm+tm 

ttBMfca^/u h *ft-=F- JSrifei I^KA-t- 5 <fc 9 fcfiWg U 
r^MMir»M$t5^ tic J; «9 Cto^f6] 



Co (NOih 



NaOH 



Co (OH>i 



C ojO< 



am 
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I»«F»l#0>ttB] 

[&t#Ji 1] AxBaOy (A : Na, Li, K, C 

a, S r , B a , B i, Y, La, B:Mn,.Fe, C 
o , Ni, C u , 1 ^ x ^ 2 , 2 £ y ^ 4 ) S!*jt4r* 

U9#jS2] A = Na, B = Com:i:Mt 

[»#f3] Mn, Fe, Co, Ni, C u <fc «9 ill* 
[000 1 ] 

(Na C o 2 04 , S6BRtt^F3Ett:*t36S*>6fc«), Na x 
Co2 0y(l^x^2, 2^y^4)) 



[000 2] 

[0 0 0 3] -t LT, r*tlCfflv^foJx5»«*»«ffl© 
(^T»l: r^m^j icasttSBiia 

*«b*u«« &^r*aj*Sr«llc^U Sic, flftfejJS 
«»ttlc*5J+ 5tttB«r^ttffi*Bft Z oKUi^feft 2 tc 

20 [0004] 

[»i] 



r?.a,= {(Ta-Tc)/Ta) x {(M- 1 )/(M + Tc/Ta)} 

iu 

M= V 1 +Z(Ta+Tc)/2 

Ta : Kfifift 
Tc : 

Z-T : M&7X&&mR 



[000 5] 

[»2] Z=6S 2 /kZ :tt«ttft6 
S : if ^y^^ftk : 

[0 0 0 6] & 2 <7>s*;ic <t 19 , jR«*^oi*ttrPi±Jc 
tt, -tf— <v99Hk (S) &«Xfittft (6) * 
(k) **(Slr^ £ "C*>5o in, — - 

(5) ti*tt4S-e*>6^«>«"»icJ:oTft3e* 
m^«S (6) &0(|RfilV« (k) tt, tUtt 

<0fctf>, aflE-tf — (S) oKv^mHR^* 

(6) iwiRew* (k> ^^^-fr^wj 
[0 0 0 7] *LT, aaEfflu^^nrv^iftftt*^^ L 

Tte, «xtf, Bi-Tel, Si-Gel, Pb-T 

-Te*IMf (S) SSlfiWffi 

(6) *sa«JCKv^ e £'>LIS*§£-tt-*~ tl^ 



[0 0 0 8] L**U :OBi-Te|lilM6<, 
Hie, WW^Sffi-C^S^Stt^ii^-cH^^fiWWH 

[0009] *Ac, nrjtaB i - Tejawmnwi: 
p b - t e mtmKB i -t extm&k^tmtmmv 

50 /C 0 



3 

[0 0 1 0] *0 Lfcft«W***>*-t\ Na-Co- 

0«***Lfc (*P!tg r@«c«,Sj Vol.33 No . 
3 1 9 9 8#M) o r(0$a&K<fc*Ui\ Kj&ftN a C o 

2 04 -ea$tt6»ttitt»dS x tt**tffttT^fcB 
i - T e ^ ^ ^^l(Oi?ffl«Fl4$:tt ^, ^ 3 fcO"C 

£>5 C ~£>N a C o 2 04 tf)j&i&tSjg£rl2l4 (a ) St/ 
(b) lC«5£WUl*i-a^ 04 (a) iC^Lfei^iC, 

^(D^nnm^mt^hK) . NaCo 2 04i£Coo 

zS^Na K£r5 0%7^?Mz&^) ^Ctt* 10 

[0 0 1 1] *fcg|4 (b) C^tJ: 9 fc, C0O2 ® 

0 3 S/cm£il5< , ^MTCDf&jgm^J t> 100|iV/ 

CDN a C o 2 04 liB i - T e *<OjRtt*T-*MSHwf^# 

[0 0 12] ftffl^l 0-2 5 6 6 1 2 

tt, £U$3:N a (CozAi-z )xO y (|atl<x 
^2, 2^y^4, 0<z<l, A=Mn, FeXliC 
u) E^Nap Bi-p (CozAi-z )x 

Oy ({ILl^xg2, 2^y^4, 0<p<l, 0< 
z<l, A=Mn, FeXfiCu, B = Ca, Sr, B 

a, BixteY) T-miizztizf&mm+tim^zfrTi,* 

[0 0 13] 

^flSftfeUU: 9$&^£;h,fcNa C02 O4 *tM£ 

ttt»w«#thw<ttftv\ wttAtmi* 

[0 0 14] ^7t, lfri£o4#Hfj¥l 0-2 5 6 6 1 2f 
Wj^j&s , J: 5lc, -^co}§£ 

[0 0 15] wix«cj: 0*»^*e>tt, ffl*Hlfc£ata 
fc*£3K ^(7)NaCo2 O4 cOjl-pfrAx B2 Oy Xft 

ht tt®*kx&\ <ctt*rfii) ^<oia«eewfid5 so 
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[0 0 16] *r"C*»Mtc^^"C»»LJ:9 
Hi*, ctt^r^icSfir^L^^ScoAx b 2 o y 

£h «X.tfNaCo 2 04 -Cfcot, m*£S«jg^»S 
[0 0 17] 

lC, *«miC«5>K«*^»l^ Ax B2 Oy (A : 
Na, Li, K, C a , Sr, B a , B i, Y, La, 
B : Mn, Fe, Co, N i , Cu, 1 ^x^2, 2^ 

y ^4) ^«it&wu cm*-'ijfaizmfai,itm$» 

f$(c, #(c|S*3S2lclE«0^§goj;p(c, Nax Co 
2 Oy *«-»ds«l«»ttlcffttS h<Dt tt»I(:fflv> 

[0018] ^fc, *&mz&z>i&m*ttn<oMmj?m 

f*> itJ}t«3iCi5®O%^C0j: 51^ Mn, Fe, C 

o , n i „ c u x k> mtfhtz— mxi*-m£x±<D7cm<D 

[0 0 19] :W5iatiig$ttfcNaCo2 O4 
(DXiteA* B 2 Oy C 

n a c o 2 04 &ttn<Dmmizmfc£tizt>tf-?tete 

<. Fe, Ni, Mn, C u <7?«ttXttfiflM«0*»{k 

^Ax B 2 O y *»»tt*^tt»(DMig*j5fet/j:i3t# 
6 0 

[0 0 2 0] 

2 04 mtmzmt \~x&mizmw-rz> 0 »^tc, 

iSr7r:LAc{>c7)T-*>S e f*«*l«t LT. 5tfCo(OH) 
2 XttCo3 O4 <otR«ISAttT-Srf^»-r6^»^«> 
5o Co(OH) 2 liAM^T^^ ^^<t LTtfffctli- 
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TJls*\) (NaOHTkSfS) S^OaiS^ Co(OH) 2 
[002 1]^ w^-CT>^nT7Ktt«§fr$ro< Sfc 

t, *) C o (OH) 2 JO* hztf*^-r>< ty^W 

tWtL-CCo3 04 ^4aSH5 t &oT, Cttt>« 

***Sli1&*T$>So 

[00 2 2] :OCo 3 0 4 <DmW&&$L* y Xl*m& 10 
C0Co(OH)2 tEtt8HPi. Na 2 CO 3 

— h*mte¥*m\<^XT-ym~f£B (*^*h) -rs 

C o (OH) 2 XttCoa 04 SSStfit^cD 
:T¥ffi*lR]fcElR) LfcjftflMfttSft bft 

•9El6]ttNaCo2 0 4 (OJKiBfledSWfeixS. 20 
[0 0 2 3] fclc, M^Coa 0 4 «tttt-T-«r«v>fc 
»*ORJcSicov^TttW-r<5. 5fci\ Co(N0 3 )2 £ 
Na OH^wtSRlSlc J: OftbiXSC o (OH) 2 3ft5«t 
7Kt£ <fc DCo fStQcMs (CoO^Coa O4 ) httZh 
g\ Co(OH) 2 0 (0 0 1) ^irCoStt^ (1 
11) *fRiJcffiBB*sfcS hzK^^7--f s/^*KiSdSjer. 

SiS**lp|^ (111) *f&it*So rtt&x-:/** 
* hi"S£. f-yffilcll^^is (ill) ^i: 
ftofc«ttc o»^b»dSifirpij«»*ix6. 30 
[0024] :oi»coMsW: (111) *Mt;*m 

a><bJLS*. C o fcO*MM Lfc«#ttiSfcfcoTV*<5 
-i* J ^5. Lfc^ot, ^CoSjfctttNaCo 
2 O4 4:ttttfi*ffl:(c|»«^*>») % NadSCo^k^cD 
J: iftRJCCN a C o 2 O4 ds&j*Stt 

s a A^Mgft^ajfctt^aHr^rtfljffwB 
i*n*^ii«*tic^*©**gi*«^*L5, 
[0025] :maox, ^-^flBi-Mtfrfincci* 

dWl«llfcNa Co 2 O4 ttttfr*S«&;h<5;i£(Ctt 
So fflU wO*tJ|EKi?F^lt^{b^r*$>Sfc*, -« 40 
5£|}N axCo20y(l^x^2. 2^y^4) T*^ 
£KS 0 X, Co(OH)2(7)fittmffll^tl 

a C o 2 04 1gl1&mmbtlZZt\Zt£Z 0 
[0 0 2 6] »lcA«:W«c«KK»4rffJBLfcWC, C 



(tt&) O.lW^y hK0Co(NO3) 

2 *S?ft&6 0 0 * » D y h>m»Lfc. ~<£>|§i£lc 
0 y h/UON a OH7k*gf&3 0 0 5 V V V 

h^4r^Li"oJBT"fSt. Co(OH) 2 ofy^feo 
tt»ttas£/S3ixfc. w<^C o (OH) 2 fiA^al^-Cfe 

[0 0 2 7] -t IT> :OCo(OH) 2 «HO 
**W«ffl-e=BnMittL-C«»i-64:, Co(OH)2 

a* htf**^ 5/^tticg«»{^HTC o 3 04 

8 O'CT&BWfejt&LfCo :(OCo3 04 filSAtta^ 

[0 0 2 8] cocoa 04 KttJSStt^s g t 
Na 2 co3^i.8 g t&^?s — yus $ y y ^ h 
>K Jl(J«hA'*yi 1 3 y y y hA'6»Htllc}&*»L« r 

R^f^u-Mg^u *^y — «tot> 

tD£rffc&Lfc 0 ft. ^t^NaWl^^ffilt, N 
a2 COs ^NaCo 2 04 Ofl^fig&tttCtb^T 1 0 

[0 0 2 9] iMK;*7 y-#fl>fc<D& K**— :/ 

KfefciJ: 0 1O 0 a* mO»B{c«L5&^4dS6>^— . 
^(c^ h) U HJcrtt^ft^-fSr^lc 

*f^*-iei^Ufe7-<yUA^fiKJKft:«:»fc 0 tit, Z 

EW6 0 0t;oMfiSt«L, :^8 5 0- 

9 0 0tMST't)ot^t'l 2Wft, 

1*8 5 0-9 00^11X^0X1^ 2 5MPa 

<DE.tiT-e*y hzf\s**'irtotio SEKSSfe^RHcttN 
a<D^$r«:/hPS^^$x.Sfc^, fWcQ/liauiNafc 
g-tt&BKLft:. rtbicj: 9 , Na Co 2 O4 

-rs h y * a**=ia</u h»{t«io«i3Kft:^e> 

[0 0 3 0] w^Jz^twUTW^tLfc^JgWKJR-CfcS 
N a C o 2 O 4 ^^^ir-rs^- h ]) A* hg? 

<b»o«j»#:wfttt«[Sr, 4*ft£«Hit[ (JCPDS^;- 
K) a^**WK»*»»L>htwt(Oit«»cfev^Tft 

ffi (&u*a*f&g) tiarsj£££^L-o>So ft, Kffi 

[^S^^-^ffi^iE^f^oct4^fS)--<7)iar6]S^^L-C 
v>S 0 

[0 0 3 1 ] 

1^1] 
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f&K (g/cm') 


ffifalS (%) 


J CPDS*- K 


4.504 


0 


(#£E*fct3t&) 


3.96 


9 3 




4.37 


9 5 






4 4 



30 



[0032] S 1 <fc 9 t>fr& ct 9 Id, #38WK»-Cfc5 
NaCo2 04 5 h y = 

«SI14. 2 8 g/ /cm3 , gfirS]S9 5%^^S. SEft 

*i-a*»e>iimLfc. 20 

[0 0 3 3] 
[&3] 

sar^js (%) =(x-xjcpds )/(i-xjcpds )xioo 

X=£ I (001)/2 I total 

Itotal iXRO^e-^M 

I (001 ) : (00 1 *J*£ 

[0 0 3 4] H2li, *PR»WNaCo 2 0 4 £te 

— > (XRDEl^) £r^U ®3(i, JttMW* LTIU 
SXmStfrSUfOSW'** — i'&^Lfcig (XRD0 

*) t&s 0 at ( ) rto»*tt«iffiit*«r^ 

[0035] 121:^9 
l-> ttAiSffift (0 0 2) dMkfcJ&VMslSr ?*7jk 
U 8c^-C»*ffii&*: (0 0 4) ^R<4oTV^ fl iffl 
f2*£al ffi«»<oisJtff f — * mtLl&<n *: # S # v ^a* 

«cspff*ffijc*5v^rtt, BftfE*SSffil§* (ooi) as* 

[0 0 3 6] deleft LTJt«S*£f£ Lt, 121 3 Id* L 
fc»*W»!CJ:Sfc, (0 0 2) £*£&®fit 

* (004) (cEiwtf-^fi^Abttst^o, -twe 

[0 0 3 7] i^ld, *«WK3R-C«>5*tt*Er^ttNa 
C o 2 04 ^if6t h y * A£*f=iy</U 



W&btt»'rziz!b > NaCo2 0xWiMW (it 
tMBKH-l) NaCo2 0>«EA#MMH (Jfc 

[00 3 8] (JfctfeJBttft l ) M:ttfflKfl- 1 

swjpoyyys^^tfetr/Bv^rfWBLfc. *i\ mis 

OCoa 04 Na 2 CO 3 MNa C 1 

: 1 : 5 ^ 6 *^%<&8«^-0t> oTffftU - 
ix&JS'&LfdgL r/Kt5o|Jl:Ant IT, d 
tt«rl 0 5 0 < C"Ct>oT5«FlBaHI»Lr*iBL, #:id N 

1 0 5 0^-8 5 OttiXl *$miZ3<C-ri<DfeTT&m 
TM«-C»«lbfc. :il(aoTNa C 1 *{d#U X 
1X0. 0 2mm 3 ^$-egMftfcNaCo2 

Ox m^&ummbtitio tz-cztizKm^xi* 

[0 0 3 9] (JttMlttfl- 2 ) JtCftfflRfl- 2 O^ftii 
ffiffijN a C o 2 Ox ttJBrfrldo^TIi, rfi^OC o 3 O 
4 8*tNa 2 CO 3 »*t«:Na C o 2 Ox (d£f LT 
Na 2 CO 3 a*l 0%iB»|dft*£5ldttfti-5 D 

to»*t*-/i/$;i/-etot2 4WiHa^ufc 

-OR^ft«:8 0 OtTtot 1 2«f|Bia«*-elK 
«U NaCo2 0«»*S:ftfc 0 -t IT, &lddO*» 

X 9 0 OtlOlSTtotl 2 B* 

[0 0 4 0] ftO*2tt, *y h^l^ldj: 9»P>*Lfc 
(#«fifi|fiittNaCo 2 04 4r*6*ti- 

ttmm&m (^an a c o 2 04 > &ajt«fflK» 

2 (0»A&eBfflN a c o 2 04 j&*s«o <n&mtonm. 

(3 0 0K) T*jM£Lfctt«*7i*LT^*. 

[0 0 4 1] 
[f*2] 
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\ TO on Hu l-X- / 


S(V/K) 


10 0X10"' 






<5<S/cm) 


5 x 1 0 3 
(cffiirt) 


0.2x10 s 


1 x 1 0 * 


K(W/cm • K) 


15x10° 






S'fi(W/cni • K ') 


5 X 1 0"" 


0.2x10-' 


1 x 1 O- 6 


z 


33x10-* 
(cifiirt) 


1.0x10" 


6 . 7 x 1 0 - 4 
(gdfuliffi^) 



btl/Co A*ttiaiJttt/BK«- 1 <^*ttfiN a C o 2 O 

[0 0 4 3] L*>U **WK»<D*je*iBrPlttN a c 
o 2 O 4 t Jt«K3»O^Jttfi«SiBrfiJ N a C o 2 O 

it®ffl^2 (#*giii«sEfi) <fc o tiS^icrpjJtL^tt 

[0 0 4 4] -tLT*5BWK» (MMEffiltt) ri 5 *t$fc 

NaCo2 0 4 

dfclSLfclSNc, Cott<k»^«tt*Sfl«[^**Six-5 
ofcaasfebft* ^oEfattlc^oTK^fft 
T*»WK»tt»HB»*Z^>L/h*v\ LrfnL, 

a C o 2 0 4 h y £Z*£*T=i'</U h»{fc 

te-CWfiRSixaSBT-ttsisHcov^TlttWL^^, CHICKS so 



j£$;h,5fc<D-CM:ft< , M;ilttB*<&4*BB¥i 0-2 5 
66 1 2^«(c^$t^s<t 9^wH«cfl6o5c?e«rE'& 

[0 04 6] £/c, *JSWttJRHi«FttO«tLfc^ h y * 

tOt?fcoTtJ:^ 0 »£#MS*Efitt*m&#*#ifc 
£ LTtt, 10-53465 «?^affl^Tt8"C*> 

So 

[0 0 4 7] 

ikw<d®%:) *&m<Dt&mm*ttmx. a x b 2 o y 

(A : Na, Li, K x Ca, Sr. B a , Bi, Y, 
La, B : Mn, F e , Co, N i , C u , Ux^ 
2, 2^y^4) §y#&ig£WL, C«!3ft«-*rtllcErtU 
tMlSft^&astotfcS^e), C®rt;frrtn(c:tetf 6 

«4»tt#»&*L5. -tit, r<0*&«*^W*ttU m 
n, Fe, Co, Ni, C u 

fite^-«r-*rfiJ»cEr&) *-frfcttWcj*»jJSriti-5 rfcic 

wi*. teNaCo2 04 **r»(7>j»tt«Fttic«nyi:j» 

[0 0 4 8] *»W«0jft«?«^»»<7>«iS*jSfe«C 

J:Htf, ±i$OAx B 2 Oy Stti6*#r*SI*Sf**» 
5/itf>(C, Mn, F e , Co, Ni, C u (DfcmttfaX 
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» i> k m ± t ^ n h <d &m % m <n ® it%> <d * is 
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btxitN a c o 2 04 zttabk-tz-)- h v £^*r=i/< 

[El 3] ^^^mfi0»J|C*3lt-5Na C02 CU j&jjgfr 

>- (xRDmm ) $r^Lytia-c*>5o 

[IU4 (a) % (b) ] ^-«IC*0t)n5»iBfBNa 

C02 04 <nte&mm&7FLtcm#:m'cfoZo 



Co(N0))7 



Co [OH)t 

I 

CojOi 



I 

i 



[01 J 

N a OH 



it« (A/iWJK, AfttttUM.V.) 
Wit OUIflj) 



(*y h7UX : 8 5 0-9 0 0"Cx| IK/Iflk ffiM'l') 



[021 




40 

CuKa 



SO BO 



[0 3] 



o 

o 




20 30 tO \% 10 

2^ (rtt) CuKo «ULrxjtt«|i:t4) 



(8) 



^200 0-2 1 1 9 7 1 



[04] 

(a) NaCoiO^faUffiig 



Nao. a 
CoOa 
N a on 
CoOa 
N ao. a 



(b) NaCoaOi0>*3Ilfll3S 

(Co0 2®©^ia) 




7oy s*0>jR# 

F*— 4G030 AA02 AA03 AA04 AA08 AA09 

AA10 AA12 AA13 AA25 AA27 
AA28 AA31 AA35 BA21 CA02 
CA08 GA17 GA20 GA29 
4C048 AA02 AB02 AC08 AD04 AE05 



